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Summary
Background:  Paradoxical  embolism  is  a  rare  event  and  the  exact  contribution  of  patent  foramen
ovale  in  stroke  is  unclear.  Intracardiac  thrombi  or  ‘embolus-in-transit’  are  associated  with  high
mortality.  Acutely  elevated  pulmonary  arterial  pressure  due  to  pulmonary  embolism  or  Valsalva
maneuver  make  foramen  ovale  patent  and  promote  right  to  left  migration  of  intraatrial  clot.
A  large  thrombus  trapped  during  its  passage  produces  impending  paradoxical  embolism,  which
though  proposed,  is  documented  very  rarely  in  live  patients.  This  is  a  high-risk  situation.  Surgical
embolectomy,  like  our  case,  has  shown  to  have  better  outcomes  in  overall  patient  survival.
Case:  A  66-year-old  female  with  acute  left  main  cerebral  artery  infarct  and  acute  bilateral
pulmonary embolism.  In  initial  assessment,  lower  extremities  venous  Doppler  study  revealed
left  leg  deep  venous  thrombosis  and  transthoracic  echocardiogram  showed  a  long  biatrial  clot
straddling  through  patent  foramen  ovale  and  a  right-to-left  interatrial  shunt.  After  hepariniza-
tion  and  inferior  vena  caval  ﬁlter  placement,  she  underwent  successful  surgical  embolectomy
along  with  closure  of  patent  foramen  ovale  with  subsequent  uneventful  recovery.
Conclusion: ‘Embolus  in  transit’  is  a  high-risk  situation  and  should  be  actively  searched  for  in
patients  of  pulmonary  embolism  and  stroke.  We  recommend  surgical  embolectomy  over  other
treatment  modalities  in  such  sit
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Figure  1  Transesophageal  echocardiogram  showing  biatrial
clot straddling  through  patent  foramen  ovale,  the  inferior  end
is prolapsing  through  the  tricuspid  valve  into  the  RV.  RA,  right
atrium; LA,  left  atrium;  AO,  aorta;  RV,  right  ventricle.
Figure  2  An  18—20  cm  clot  was  removed  in  one  piece,  which
consists of  two  parts:  a  predominantly  red  clot  of  about  10  cm
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ntroduction
espite  the  high  prevalence  of  patent  foramen  ovale
PFO) in  the  general  population,  estimated  at  26%,  para-
oxical embolism  is  a  rare  event  [1].  It  requires  the
ollowing diagnostic  criteria,  originally  proposed  by  John-
on [2]:  (1)  presence  of  deep  venous  thrombosis  (DVT)
nd/or pulmonary  embolism  (PE);  (2)  abnormal  communi-
ation between  the  right  and  left  circulation;  (3)  clinical,
ngiographic, or  pathologic  evidence  of  systemic  embolism;
nd (4)  presence  of  a  favorable  pressure  gradient  pro-
oting right-to-left  shunting.  Simultaneous  presence  of  a
ight-to-left shunt,  a  biatrial  clot  straddling  a  PFO,  along
ith pulmonary  and  paradoxical  emboli  in  our  patient,
rovided a  unique  therapeutic  challenge.  The  patient  under-
ent surgical  embolectomy,  with  an  excellent  clinical
ecovery.
ase report
 66-year-old  female  presented  to  the  hospital  with  chest
ain and  shortness  of  breath,  which  awakened  her  from
leep. She  also  developed  slurred  speech  and  a  facial  droop
t the  same  time.  She  had  a  long-standing  history  of  hyper-
ension and  dyslipidemia.  Her  physical  examination  revealed
emperature 98.6 ◦F,  pulse  rate  of  84  beats  per  minute,  reg-
lar, blood  pressure  of  120/74  mmHg,  respiratory  rate  of
2 per  minute  and  pulse  oxymetry  showed  arterial  oxygen
aturation of  96%  on  room  air.  On  neurological  examina-
ion, she  was  found  to  have  right  lower  facial  weakness,
ysarthria, and  4/5  strength  in  the  right  upper  and  lower
imbs. Cardiac  auscultation  revealed  a  loud  pulmonary  sec-
nd sound  and  a  third  heart  sound  in  the  left  parasternal
egion. Computed  tomography  (CT)  scan  of  the  head  showed
o acute  abnormality.  CT  scan  of  the  chest  showed  bilat-
ral PE.  Vascular  duplex  of  the  lower  extremities  revealed
eft leg  DVT.  She  was  promptly  started  on  anticoagulation
ith intravenous  heparin  and  inferior  vena  caval  ﬁlter  was
laced. Transthoracic  echocardiogram  showed  a  clot  mea-
uring 1  cm  ×  6  cm  in  the  right  atrium  and  traversing  through
he PFO,  with  a  2  cm  extension  into  the  left  atrium,  which
as conﬁrmed  by  transesophageal  echocardiogram  (TEE)
Fig. 1).  During  diastole,  the  clot  was  prolapsed  through
he tricuspid  valve.  The  atrial  septum  was  aneurysmal  and
owed into  the  left  atrium,  consistent  with  an  elevated
ight atrial  pressure.  Right  ventricular  systolic  pressure
as moderately  elevated  at  60  mmHg,  with  mild  tricus-
id regurgitation.  The  right  atrium  was  mildly  dilated  and
he right  ventricle  was  moderately  dilated  with  moder-
tely reduced  systolic  function.  Injection  of  agitated  saline
ontrast demonstrated  spontaneous  right-to-left  interatrial
hunting. Coronary  angiography  showed  normal  coronary
rteries. A  surgical  embolectomy  was  performed  with  repair
f the  PFO.  The  clot  was  removed  in  one  piece,  measuring
bout 18—20  cm  in  length  (Fig.  2).  It  was  equally  divided  into
wo sections:  a  predominantly  red  clot  of  about  10  cm  in  the
ight atrium,  and  a  10  cm  strand-like  white  clot  extending
cross the  septum  into  the  left  atrium.  After  an  uneventful
ostoperative course,  she  was  discharged  home  on  warfarin
herapy for  six  months.
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cross the  septum  into  the  left  atrium.
iscussion
here  is  a  strong  relationship  between  the  presence  of  a  PFO
nd the  occurrence  of  stroke,  the  risk  being  increased  when
ight-to-left shunting  is  present  at  rest  and  with  larger  size
FOs [3].  PFOs  identiﬁed  by  TEE  have  been  noted  in  30—54%
f patients  with  cryptogenic  stroke,  with  the  highest  preva-
ence in  younger  patients  with  no  other  risk  factors  for  stroke
4,5]. Nonetheless,  PFOs  tend  to  be  larger  in  older  patients,
nd PFOs  remain  an  important  cause  of  stroke  in  elderly
atients in  whom  there  is  a  higher  incidence  of  DVT  [6].
An  atrial  septal  aneurysm  (ASA),  which  represents  an
ut-pouching defect  of  the  atrial  septum,  is  also  strongly
ssociated with  ischemic  stroke  [7].  It  is  noted  in  1%  of
utopsy studies,  but  in  5—12%  of  ischemic  stroke  patients
y echocardiography.  PFOs  are  commonly  noted  in  patients
ith ASA,  with  one  study  reporting  that  79%  of  patients  with
SA had  a PFO.  The  presence  of  both  defects  confers  a  higher
isk of  stroke  [8].
TEE using  saline  contrast  has  become  the  ‘‘gold  stan-
ard’’ for  evaluating  the  presence  of  a  PFO.  A  PFO  is
iagnosed more  commonly  when  the  right  atrial  pressure
xceeds the  left  atrial  pressure.  Using  TEE  as  a  gold  stan-
ard, transcranial  Doppler  ultrasonography  monitoring  of
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[A  rare  case  of  simultaneous  pulmonary  and  paradoxical  emb
right  middle  cerebral  artery  blood  ﬂow  with  microbubble
contrast material  has  a  sensitivity  and  speciﬁcity  of  100%  in
the detection  of  a  right-to-left  shunt  [9].
Most  pulmonary  emboli  originate  from  clots  forming  in
the deep  veins  of  the  extremities.  Where  there  is  associated
thrombus ‘‘in  transit’’  in  the  right  ventricle,  the  additional
thrombus burden  results  in  more  hemodynamic  compromise
and right  ventricular  failure,  with  greater  2-week  and  3-
month mortality  than  in  patients  with  isolated  PE  [21%  vs.
11% (p  =  0.032)  and  29%  vs.  16%  (p  =  −0.036),  respectively]
[8]. Intracardiac  thrombi  are  present  in  3—23%  of  cases  of
PE and  are  associated  with  virtually  100%  mortality  if  left
untreated [10].  One  third  of  ‘‘emboli-in-transit’’  will  pro-
ceed to  PE  within  24  h  [11].
Massive PE  or  a  Valsalva-like  maneuver  acutely  elevates
right atrial  pressure,  promoting  right-to-left  shunting  across
the PFO  and  allowing  the  thrombus  to  migrate  into  the
left atrium,  subsequently  leading  to  paradoxical  systemic
embolization. A  study  of  139  patients  with  major  PE  showed
that the  presence  of  a  PFO  increased  the  risk  of  stroke
[13% vs.  2%  (p  =  0.02)],  peripheral  embolism  [15%  vs.  0%
(p =  0.01)],  and  mortality  [44%  vs.  13%  (p  =  0.02)]  [12].
If  the  thrombus  is  sufﬁciently  large  in  comparison  with
the size  of  the  PFO,  it  can  be  trapped  during  its  passage  from
the right  to  the  left  atrium,  producing  an  ‘‘impending  para-
doxical embolism’’  (IPDE).  This  also  carries  a  high  mortality
and requires  emergency  intervention  to  prevent  systemic
embolization. One  study  of  174  patients  with  IPDE  reported
a 24-hour  mortality  rate  of  11.5%  [13].  More  than  90%  of
these patients  already  had  evidence  of  PE  at  the  time  of  pre-
sentation and  55%  had  evidence  of  systemic  embolization.
Evidence of  simultaneous  pulmonary  and  systemic  emboliza-
tion was  noted  in  16%  of  cases  [14].  In  this  study  of  IPDE,
there was  a  trend  toward  a  lower  rate  of  systemic  emboliza-
tion and  improved  survival  with  surgical  intervention,  rather
than  thrombolysis  or  anticoagulation.  In  patients  developing
hypotension, shock,  or  cardiac  arrest,  emergency  surgery
should be  considered  as  it  can  support  the  patient  on  car-
diopulmonary bypass  during  the  procedure  with  the  option
of inserting  a  right  ventricular  assist  device  for  persistent
right ventricular  failure.
All  patients  with  intracardiac  thrombi  should  be  started
on heparinization  to  decrease  the  risk  of  recurrent  emboliza-
tion. Surgical  intervention  allows  for  complete  removal  of
the clot  to  reduce  the  risk  of  fragmentation  and  emboliza-
tion, for  performance  of  a  pulmonary  embolectomy,  if
indicated, and  closure  of  the  PFO.  Percutaneous  catheter
removal is  promising,  less  invasive  modality,  but  there  is  lim-
ited experience  with  isolated  right  heart  thrombi  and  none
with biatrial  clot.  Although  thrombolysis  or  heparinization
alone may  be  sufﬁcient  for  isolated  right  heart  thrombi,  we
recommend surgical  embolectomy  for  biatrial  thrombus.
ConclusionSimultaneous  pulmonary  and  systemic  embolization  is  fairly
uncommon, but  carries  a  high  mortality  rate,  especially  with
residual intracardiac  thrombus.  Although  closure  of  a  PFO
using a  percutaneous  or  surgical  approach  is  recommended
[ith  a  thrombus  straddling  a  patent  foramen  ovale  e49
or  patients  who  have  sustained  a  cerebral  embolism,  a  more
ggressive approach  is  warranted  when  there  is  evidence  of
esidual thrombus  straddling  a  PFO,  and  perhaps  even  more
o when  there  has  been  a  simultaneous  PE.  Recognition  and
rompt treatment  of  intra-atrial  thrombus  by  surgical  inter-
ention  may  be  superior  to  other  modalities  in  the  treatment
f this  clinical  condition.
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